Hutson et al. ('79) recently reported the existence of the accessory abducens nucleus as demonstrated experimentally by placing HRP flakes directly onto the cut stumps of nerves, and distinguished the accessory abducens nucleus from the accessory facial nucleus in the cat. Grant et al. ('79) found that motoneurons innervating the retractor bulbi muscle in the cat were of the accessory abducens nucleus by retrograde labeling and intracellular staining with HRP, and also by electrophysiological techniques. After Held (1893) reported the existence of the accessory abducens nucleus, various papers on this nucleus were published by Lugaro (1894, in the rabbit), Pacetti (1896, in man) , van Gehuchten (1898 van Gehuchten ( , 1906 van Gehuchten ( , 1908 in the rabbit), Kaplan and Finkelnburg ('00, in man), Tsuchida ('08, in man), Cajal ('09, in the mouse), Obsteiner ('12, in man), Terni ('22, in the mouse), Preziuso ('24, in the mouse, sheep, rabbit and cat), Shanner ('33, in the pig), and Kimmel ('40, in the rabbit). However, the nucleus was considered to be the accessory facial nucleus by Giannuli (1897, in man), Siemerling and Boedeker (1897, in man) , Marinesco (1908, in the dog) , Bach (1899, in man), Jacobson ('09, in man), van Valkenberg ('10, in man) , in man ; '12 , in the seal and dog), Sterzi ('15, in man), Nakamura ('30, in ' 51 mammals), Riley ('43, in man), van Buskirk ('45, in man) and Pearson ('46, in man. During our previous investigations on the nerve centers of extrinsic ocular muscles using HRP [Oda et al. ('77, 44 Y. Oda '78 in rats)] , the author studied the existence of the accessory abducens nucleus in the rat.
Materials and Methods
A total of 173 four-to five-week-old (80-120 g) Wistar rats was used in this study. The initial experiment was performed in 142 rats. The left extraocular muscles of the other anesthetized rats were chosen and dissected out under a Konan operating microscope.
The muscles used were the levator palpebrae superioris, superior rectus, medial rectus, inferior oblique, inferior rectus, superior oblique, lateral rectus, retractor bulbi and left digastric.
These muscles were injected with 300 units of a freshly prepared 30-40% solution of HRP (Sigma, type VI, lot Nos. 25C-9570, 26C-9580, 117- Table 1 . Numbers of experimenal rats C-9570-1, and for digastric muscles, 59C-9560, 20E-9600) in 0.1 M phosphate buffer (pH 7.4) or distilled water, using a 10 pl Hamilton microsyringe and 33 gauge needle.
At withdrawl of the needle, surgical cement, Alonalpha A (Sankyo Co., Tokyo), was applied around the injected site in the muscle to prevent leakage of the HRP and to prevent the neighboring tissues from being affected. After a survival time of 24-48 h, the animals were anesthetized deeply with ether and perfused with saline solution and 9.1% paraformaldehyde-1.25%
glutaraldehyde-1% sucrose in 0.1 M phosphate buffer (pH 7.4). The removed brains were placed in fresh fixative solution overnight at 4°C and then left to sink in 25% sucrose in 0.1 M phosphate buffer (pH 7.4) at 4°C. Serial frozen sections of 40 pm in thickness were cut frontally or horizontally.
The histochemical procedures used were those of Graham and Karnovsky ('66) or Streit and Reubi ('77) . The sections were lightly counterstained with thionine. Studies using HRP were also made in the same manner as above on rat left digastric muscles to distinguish the accessory abducens nucleus from the accessory facial nucleus.
Results
Normal anatomy : The author studied normal examples of the accessory abducens nucleus and accessory facial nucleus in Wistar rats since they had seldom been investigated previously [Nakamura ('30), Zeman and Innes ('63), KOnig and Klippel ('63) , Nishi ('65), Sherwood and Timiras ('70) , and Glicksman ('80)]. The accessory abducens nucleus measured 400- Experimental findings : The numbers of animals used in this study are shown in Table 1 . All of the muscles besides the retractor bulbi, showed HRP positive neurons in the ispilateral accessory abducens nucleus which lies medial to the lower part of the facial root fibers. There were some differences in numbers of labeled neurons and in stainability (Figs. 7 and 8). For the oblique muscles, the neurons in the accessory abducens nucleus showed a rather poor ability to react and there were fewer numbers of labeled neurons (Figs. 7 and 8 and Table 2 ).
In the HRP injected digastric muscles, HRP labeled neurons were observed in the principal facial nucleus and accessory facial nucleus (Figs. 9-18) which lies dorsal to the principal facial nucleus and medial to the descending part of the facial root fibers of the upper part.
Discussion
Detailed studies on the identification of the accessory abducens nucleus, accessory facial nucleus and posterior trigemini have been reported by Hutson et al. ('79 , in the cat). These nuclei clearly exist in the cat. In the rat, Nishi ('65) described. the accessory facial nucleus, and his illutrations and written account appear to represent a different group of neurons from the accessory facial nucleus of Matsuda et al. ('77 ) and the present author. According to Matsuda et al. ('77) , the accessory facial nucleus is formed by two groups, an inner descending part of the root fibers and a dorsal part of the facial nucleus, and they did not describe the existence of HRP labeled neurons in Nishi's area of the accessory facial nucleus which lies rostral to the descending part of the facial root fibers. The author found one lightly stained neuron in the area which Nishi described as "rostral to the descending part of the facial root fibers" (Fig. 19) . Glicksman ('80) stated in his report on HRP studies of the rat lateral rectus that "three labeled cells were found in the ipsilateral accessory abducens" but he considered that "this may be due to uptake by the retractor bulbi muscles". His careful manner of expression appears to reflect a small number of experimental cases.
However, Grant et al. ('79) reported the same observations in the cat. In this study, as reported previously [Oda et al. ('77, 78) in the rat], there could be no leakage of HRP from the injected extrinsic ocular muscles because of the distinct localization of the lower motor centers in the oculomotor nucleus, and during the above study, the author often found labeled neurons in the accessory abducens nucleus.
Additional studies to the above indicate that there were nerve fiber connections between the extraocular muscles besides the retractor bulbi muscles based on retrograde transport of HRP in the rat. There were two large populations of labeled neurons composing the lateral rectus and medial rectus ( Table 2) . The interesting fact is that they represent antagonistic muscles. However, it is rather difficult to give a definite localization for motor neurons of the extrnsic ocular muscles in the accessory abducens nucleus.
To differentiate the accessory abducens nucleus from the accessory facial nucleus, the author injected HRP into the digastric muscles of aats and found positively labeled neurons in the ipsilateral facial Plate I HRP labeled neurons in the accessory abducens nucleus after injection into the following muscles : Fig. 1 . The retractor bulbi muscle.
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